The Effect of Heat on Acclimatized and Unacclimatized Groups of Very Fit Men by Otto G Edholm MB (Division of Human Physiology, National Institute for Medical Research, London) The work which will be described in this paper formed part of a study of the effects of heat on acclimatized and unacclimatized men (Edholm et al. 1964) . It has been shown by a number of workers that the state of 'physical fitness' (variously defined) or the degree of physical training can have a considerable effect on the degree of tolerance of a cold environment (Adams & Heberling 1958 , Scholander et al. 1958 , Andersen et al. 1966 . Indeed, Andersen et al. came to the conclusion that physical training by itself was sufficient to induce physiological changes which provided protection against the effects of cold.
One of the questions with which the present experiment was concerned was whether a high state of physical fitness provided a similar protection against the effects of heat. The question could be put: 'If a man is extremely fit for muscular performance, can he respond to a hot environment as efficiently as someone acclimatized to heat?'; or, rather more briefly: 'Can physical fitness substitute for heat acclimatization?'
Subjects
The 48 subjects were members of the Parachute Brigade. There is an exceptionally arduous selection test to be passed before men are accepted to serve in the Parachute Brigade. Only a small proportion of the volunteers succeed in passing the entrance examination, and those who do have to maintain high physical standards, requiring muscular strength, endurance, skill and courage. The training includes long cross-country marches as well as the more specialized aspects of parachute jumps and other military training. A provisional definition of physical fitness could be: the ability to perform a variety of tasks involving severe muscular exertion, including speed of performance as well as endurance; by such a definition the members of the Parachute Brigade could certainly be regarded as physically fit.
The men were aged, on the average, 21 years (range 19-27), body weight was 70 kg (range 58-5-82 2), height 175 cm (range 168-185-5). They were in two groups: Platoon A, stationed in England, and not having been exposed to heat; Platoon B, stationed in Bahrein for a year in a hot climate. The 24 men in Platoon A were considered to be unacclimatized, and the members of Platoon B were judged to be fully acclimatized to heat.
Design of Experiment
There were three phases, I and III in England and II in Aden. Each phase lasted for twelve days, of which on the first and last 4 days the men were engaged in hard physical work whilst on the intermediate 4 days they rested and had a low energy expenditure (Fig 1) . The details of the daily programme were kept constant, so the sequence of events for Phase I was repeated in Phases II and III. In the first phase, the subjects were the members of Platoon A, unacclimatized to heat; this platoon, together with the research team, were flown to Aden where they were joined by Platoon B, who flew from Bahrein. After the completion of Phase II, both platoons with the research team flew back to England for Phase III.
Measurements and Observations
(1) Food and water intake were measured for all subjects throughout the experiment. As it was essential to avoid the risk of dehydration, water was freely available through the experiment, special care being taken in Aden where water bottles could be replenished each hour during the day.
(2) Body weight and skinfold thickness were measured in the morning and evening.
(3) All urine voided was collected and the volume recorded; analyses were made of urine samples collected on the 1st, 5th, 9th and last days of each phase. §-e h r7~1 w ' . L, a 1 3 2777 (4) Faeces were collected and weighed.
(5) Water balance and sweat rates were computed.
(6) A detailed timed-activity study was made of two sections, one from each platoon. Continual observation was maintained throughout the experiment. The daily energy expenditure of each subject was computed. The time to perform various events was also recorded.
(7) Body temperature and pulse rate were recorded at approximately hourly intervals during the day. In addition, 9 subjects in each platoon had their body temperature measured, using a temperature-sensitive radio pill which was swallowed. By this means, body temperature could be recorded at any time without disturbing the subjects. Pulse rates were measured after strenuous exertions.
(8) A brief clinical examination was made every morning and evening; men reporting sick were recorded as casualties, as were any men who fell out duLring the day's activities.
(9) Meteorological observations were made in the vicinity of the subjects at hiourly intervals.
Results
The only results which will be considered in detail are those related to the question posed above: 'Does physical fitness substitute for acclimatization to heat?' Evidence is required to show: (a) the degree of similarity between the two groups, and particularly in relationship to physical fitness; and (b) the differences, if any, between the two groups in the hot climatic conditions of Aden.
The experiment was designed to make it possible to obtain such evidence. Comparison of the results recorded in Phase I and Phase III could be used to determine if the men's sojourn in Aden had altered them and, further, by comparison in Phase III between the two platoons, whether the two groups were or were not similar in their physiological responses.
The results showed that in Phase III, in all the measurements recorded, there were no significant differences between the two platoons. These are summarized in Fig 2. When a comparison was made of the results recorded in Platoon A in Phase I and Phase III, some differences were observed. These were small and were mainly due to a slightly lower level of energy expenditure in Phase III compared to Phase I, with correspondingly slightly lower levels of food intake. Water intake was higher in Phase III than in Phase I, as the weather was warmer. Body temperatures at corresponding times and activities were similar in Phases I and III, and so were pulse rates, except that a slightly lower pulse rate was recorded following the morning march of 10 miles in Phase III compared with Phase I.
The most relevant evidence regarding the state of physical fitness of the two platoons is provided by records of pulse rates, body temperatures and the times taken to complete specific tasks. Throughout the experiment, a competition was maintained between the different sections, and the two platoons, in which points were awarded on the basis of the time taken to carry out a variety of strenuous events. These included the filling of sandbags, carrying and stacking to a specified height; cross-country runs in full equipment followed by firing on the range at varying distances and targets; pushing heavy vehicles uphill; digging trenches of specified depth, and hill climbing. Motivation was maintained by a system of money prizes as well as a considerable sense of rivalry between the two platoons. In Phase III, although Platoon A emerged as the final winner on points, there was no significant difference in the times recorded for the different events between the two platoons.
The military observers were unanimous in their opinion that the two groups were similar and carried out their various labours with equal skill.
There was also no significant difference between the two groups in pulse rates, after the performance either of the strenuous events or of the standard military exercises. The 1st, 2nd, 3rd and 4th hours refer to rest periods in the morning march. Observations made in Aden on Platoons A and B. It will be seen that the body temperature always rose higher in the unacclimatized (Platoon A) and that there was some evidence ofacclimatization comparing successive days There is, however, no direct evidence available to make an objective assessment of the level of 'physical fitness' in these men. As a result of close observation over the whole period of the experiment, the members of the research team considered that the level of physical performance in a wide variety of tasks involving speed, physical strength and endurance, was exceptionally high, but no direct comparison was possible with other groups of men undertaking the same tasks.
The climatic conditions should be described briefly. Phase I was in May, and the weather was cold, wet and windy, with a mean daytime temperature of approximately 11°C. Phase II was in May-June, at the hottest time of year, in Aden; daytime dry-bulb ranged from 30 to 38°C, with globe thermometer reading from 35 to 55°C. Wet-bulb temperatures were fairly constant at about 28°C. The climatic conditions could reasonably be described as severe. Phase III, in the latter half of June, was warm and pleasant with dry-bulb temperatures ranging from 11 to 220C. In Phase II, the energy expenditure and food intake were similar in the two groups. Water intake and the computed sweat rates were higher in the acclimatized than in the unacclimatized men. There were some significant differences between the two groups initially in both pulse rates and body temperatures, but the differences diminished in the last four days. Body temperature during the 4-hour daily march was significantly higher in the unacclimatized men in the first 4 days but pulse rates, although in general higher, were only significantly greater on the first day (Fig 3) .
By far the most impressive difference between the two groups was the number of casualties. When the two groups marched off on the first morning in Aden, the only obvious difference between the two was in sun tan, but within an hour there were some signs of distress in the unacclimatized men, shown by men losing step and beginning to straggle. Soon men began to drop out and the march eventually had to be abandoned because of the number of men unable to continue. The highest casualty rate was on the first day, but the difference between the two groups continued, as shown by the results of the competitions, which were always won by the acclimatized men.
The figures for casualties are summarized in Table 1 . The distinction between casualties due to heat and those due to other causes is nebulous, and it is likely that heat factors were involved in all the casualties. 
Discussion
The available evidence supports the assumption that the subjects were physically fit, and might be regarded as exceptionally fit since they were able to perform a wide variety of strenuous tasks with no evident difficulty. The similarity of the two groups in this respect can be accepted in view of the close identity in the measured characteristics during Phase III. It is concluded that the only important physiological difference was in their state of acclimatization to heat. The higher sweat rates and lower initial body temperatures of the acclimatized group were consistent with their experience of hot climatic conditions for over a year. The average level of energy expenditure during the days of hard work was approximately 3,700 kcal/day. Although this is quite high, it represented about the usual energy expenditure of the subjects whilst in the temperate climate of England. But in the severe heat of summer in Aden such an energy expenditure imposes a very considerable load and is higher than in any training programme; even the acclimatized men found the programme of work to be hard.
The finding of a high rate of casualties amongst the unacclimatized men, together with the increased body temperature, leads to the conclusion that physical fitness does not substitute for heat acclimatization. This appears to be in contrast with the findings regarding physical fitness and exposure to cold. Andersen and his colleagues (Andersen et al. 1966 ) studied two groups of subjects, who were not considered to be of a high level of physical fitness. The subjects all took part in a rigorous training programme in mountainous country in Norway; one group slept in comfortable heated quarters, the other had no heating at night and a minimum of blankets. They were called the 'warm' and the 'cold' group, respectively. Tests of acclimatization to cold were carried out at intervals, Many subsidiary investigations were included, but no difference could be found between the two groups, both becoming equally well acclimatized to cold, both improving their level of physical fitness. So it was concluded that improving physical fitness also conferred the benefit of increased tolerance of cold conditions. In the present investigation, although the evidence obtained is consistent with the conclusion that physical fitness cannot substitute for heat acclimatization, it has not been shown that there is no advantage of physical fitness in combating the effects of heat. In a previous study (Edholm et al. 1962 ) two groups of men of approximately equal levels of acclimatization were compared in Aden. One group had continued with moderately strenuous military training, the second group had had none. Although physiological measurements showed little difference between the two groups during an arduous military exercise in the heat, there were no casualties in the trained and presumably fit group, but over half of the untrained fell out during the first five days. Although this is suggestive evidence of the effect of physical fitness, it is far from conclusive. Indeed, Harvard step test scores were higher on return from Aden in the 'untrained' group compared with the 'trained' group, and times for running 220 yds and the mile were similar. Presumably, the difference displayed could have been due more to the lack of specific military training rather than a lower level of general physical fitness. It was partly the difficulty of interpreting this experiment which led to the design adopted in the investigation described in this paper.
Another method of looking at the question of the relationship between physical fitness and acclimatization to heat is to measure the latter independently of physical performance in the field. have measured sweat rates during controlled hyperthermia in athletes (long-distance cyclists) and non-athletes. In both men and women champion cyclists sweat rates were high and sustained, whereas control subjects had low and poorly sustained sweat rates. The differences were highly significant. The explanation proposed by the authors is that the athletes, during their training, habitually raise their body temperature and sweat considerably; this would certainly result in the development of the characteristic features of heat acclimatization.
So physical training which involves frequent periods of high levels of energy expenditure sustained for a relatively long time can probably induce heat acclimatization. But what conclusion can be reached about 'physical fitness' in the absence of an agreed definition and agreed criteria? The definition or, rather, the description of physical fitness given above (p 1175) is lacking in precision and the criteria used are partly subjective and partly based on heart rates after exercise, and partly based on observation. In spite of these inadequacies, it is felt that the equal performance of the two groups in a wide variety of tasks in an equable climate, compared with the marked differences in Aden, justifies the conclusion that physical fitness does not substitute for heat acclimatization.
Dr Brian B Lloyd (Oxford) asked how Dr Edholm had measured the energy expenditure. Dr Edholm replied that energy expenditure was measured essentially by time and motion study; that is, there had been detailed observation all the way through of precisely what the subjects were doing throughout the twenty-four hours. This was fairly simple in a military situation. It had also been possible to be with the men the whole time and they had also adhered to the programmevery precisely. Measurements were then made of the energy costs of the various tasks concerned and the whole lot was calculated.
There were, however, various snags in this particular technique of measuring overall energy expenditure in that it had not been possible to make direct measurements of energy expenditure in the different climates. It could therefore be claimed that the energy cost for doing tasks in the heat would be lower for the acclimatized than for the unacclimatized. In Dr Edholm's own opinion there would be very little difference in the values.
Dr J E Cotes (Cardiff) asked Dr Edholm if acclimatization to heat in a laboratory in a temperate climate provided an adequate preparation for moving to a hot area.
Dr Edholm replied that this particular experiment had been concerned with this question. Indeed a whole series of laboratory as well as other field studies had been carried out to try to answer this question both by the Medical Research Council as well as the Army Personnel Research Establishment.
The artificially acclimatized individual, that is acclimatized in the laboratory, had been compared both with non-acclimatized as well as naturally acclimatized subjects. The non-acclimatized were at a clear disadvantage compared with naturally acclimatized subjects, as the present experiment showed. In an experiment carried out by the Army Personnel Research Establishment, it was shown that artificially acclimatized subjects had a distinct physiological advantage in the heat compared with the unacclimatized. Body temperature and pulse rate were substantially lower in the unacclimatized, but the criterion of judgment was based on military performance, and here it was very difficult to show a clear advantage.
Dr M F Hawkins (Aeromedical and Safety Training School, Boscombe Down, Wiltshire) enquired about the unacclimatized people in a hot climate. He asked whether there was any breakdown of the heat injuries that occured against time. Over a period of twelve days, working hard, it would be expected that there would be some acclimatization, but had it been found that all the casualties occurred in the first few days. Dr Edholm confirned that they had. Dealing first with the physiological side he said that the body temperature differences shown in Fig 3 (p 1177 ) covered the first four days, that was, the first four hard days, and the differences had been significant. During the next four days, which had been rest days with very low energy expenditure, the differences had been small between the two groups, as had been expected. On the final four days, however, the differences between the two groups had been very much less than in the first four days and the groups could not be distinguished on body temperature response or on pulse rate. With these results it had not been surprising that out of the 29 casualties suffered in the unacclimatized group 18 occurred in the first four days.
